Ob jec tive: To re view re cent de vel op ments in the study of non shared en vi ron ment; that is, the en vi r on mental in flu ences
O ne of the most im por tant dis cov er ies aris ing from behavioural-genetic re search con cerns nur ture rather than na ture. Behavioural-genetic re search pro vides the best avail able evi dence for the im por tance of en vi ron mental in fluences, but it shows that the en vi ron ment works in a sur pris ing way. Al though so ciali za tion theo ries as sume that the en viron ment of the fam ily unit in flu ences psy cho logi cal de vel opment, with the re sult that shared ex pe ri ences lead to simi lari ties among sib lings, behavioural-genetics re search con sis tently in di cates that chil dren grow ing up in the same fam ily do not share ef fec tive en vi ron mental in flu ences. It is not shared ex pe ri ences, but shared ge net ics, that make siblings re sem ble one an other. In deed, with re gard to psy chologi cal de vel op ment, en vi ron ment makes sib lings no more simi lar to one an other than to chil dren picked at ran dom from the gen eral popu la tion. This phe nome non-the fact that effec tive en vi ron ments are not shared-has been termed "nonshared en vi ron ment."
Our goal is to re view re cent de vel op ments in this field and point to new di rec tions for re search. We be gin with a brief over view of the phe nome non of non shared en vi ron ment.
The Phenomenon
Non shared en vi ron ment lay hid den within behaviouralgenetic stud ies since such stud ies be gan 80 years ago. Twin stud ies and adop tion stud ies were de signed to dis en tan gle the ele ments of na ture and nur ture in fa mil ial re sem blance. For ex am ple, schizo phre nia runs in fami lies, and en vi ron men talists had as sumed that it does so for en vi ron mental rea sons: fam ily mem bers share the same schizo phre no genic en vi ronment. Twin stud ies and adop tion stud ies test this as sump tion by study ing fam ily mem bers who share na ture or nur ture to vary ing de grees. Al though most rele vant evi dence has come from twin stud ies, it is easi est to see the logic of behaviouralgenetic de signs by us ing adop tion stud ies. Study ing ge netically re lated in di vidu als reared apart in un cor re lated (although not nec es sar ily dif fer ent) en vi ron ments di rectly es ti mates the ex tent to which fa mil ial re sem blance is me diated ge neti cally. These are the sort of data that con vinced psychia trists in the late 1960s of the im por tance of ge netic in flu ence. For ex am ple, Hes ton's clas sic adop tion study showed that chil dren adopted away at birth from bio logi cal par ents with schizo phre nia were none the less at risk for schizo phre nia, sug gest ing ge netic in flu ence on par ent-offspring re sem blance for schizo phre nia (1) . In deed these children, adopted away at birth, were just as likely to suf fer from schizo phre nia as are chil dren reared by par ents with schizophre nia, im ply ing that grow ing up in a schizo phre no genic envi ron ment does not add to the ge netic risk for schizo phre nia. A more di rect test of the nur ture as sump tion, how ever, lies in the other prong of the 2-pronged adop tion de sign-study ing ge neti cally un re lated in di vidu als reared to gether in the same adop tive fam ily, which di rectly es ti mates the ex tent to which fa mil ial re sem blance is me di ated by shared en vi ron ment. For schizo phre nia, there is no risk from grow ing up in a fam ily with a par ent or sib ling who suf fers from the dis or der (2).
Taken to gether, these adop tion data im ply that fa mil ial resem blance for schizo phre nia is me di ated ge neti cally, not envi ron men tally. The en vi ron ment is im por tant, how ever. For ex am ple, iden ti cal twins are only 50% con cor dant for schizophre nia-not 100% con cor dant, which would be the case if schizo phre nia were en tirely due to ge netic fac tors. Be cause they are ge neti cally iden ti cal, iden ti cal twins grow ing up in the same fam ily en vi ron ment can only be 50% dis cor dant for schizo phre nia for en vi ron mental rea sons. Such en vi ronmental in flu ences have been called non shared be cause they are not shared by chil dren grow ing up in the same fam ily. The dis tinc tion be tween shared and non shared has many other labels, such as "com mon" ver sus "unique," "between-family" ver sus "within-family," and "E 2 " ver sus "E 1 ." The en vi ronment is im por tant, but it does not con trib ute to fa mil ial re semblance. It should be em pha sized that such stud ies only ad dress the con tri bu tions to re sem blance among fam ily members: their goal is to dis en tan gle na ture and nur ture in fa mil ial re sem blance. There may be more to schizo phre no genic family en vi ron ment than is in dexed by schizo phre nia in the rearing par ents. What we know from re search on non shared en vi ron ment, how ever, is that the ef fect of such meas ures of the fam ily en vi ron ment is to make chil dren grow ing up in the same fam ily dif fer ent from one an other.
The im por tance of non shared en vi ron ment for per son al ity, as well as for psy cho pa thol ogy, was ob vi ous from behaviouralgenetic data since such re search be gan a cen tury ago, but it was the hid den back ground in a fig ure-back ground il lu sion in which the fig ure was ge net ics. Only in 1976 was this il lusion re versed to fo cus on the back ground. In a clas sic book on a large twin study, Loeh lin and Nichols re ported the typi cal find ing of ge netic in flu ence for per son al ity, but in their conclu sions they noted … a con sis tent-though per plex ing-pat tern is emerg ing from the data (and it is not purely idio syn cratic to our study). En viron ment car ries sub stan tial weight in de ter min ing per son ality-it ap pears to ac count for at least half the vari ance-but that en vi ron ment is one for which twin pairs are cor re lated close to zero. . . . In short, in the per son al ity do main we seem to see en vi ron mental ef fects that op er ate al most ran domly with respect to the sorts of vari ables that psy cholo gists (and other people) have tra di tion ally deemed im por tant in per son al ity de vel op ment" (3, p 92).
This theme was high lighted and ex panded in a 1981 pa per (4). The evi dence for the im por tance of non shared en vi ron ment in the de vel op ment of psy cho pa thol ogy, per son al ity and cog nitive abili ties was brought to gether in a Be hav ioural and Brain Sci ences (BBS) tar get ar ti cle called "Why are chil dren in the same fam ily so dif fer ent from one an other?" (5), which was pub lished with 32 com men tar ies and a re sponse to the commen tar ies (6) . Even though they were ad dressed in the tar get BBS ar ti cle and re sponse to the com men tar ies, the fol low ing is sues re sur faced dur ing the next dec ade: 1) non shared en viron ment needs to be dis tin guished from er ror of meas ure ment (yes); 2) genotype-environment in ter ac tion and cor re la tion could ac count for non shared en vi ron ment (no, these can not ex plain why iden ti cal twins are dif fer ent); 3) shared en vi ronment may have more ef fect in ex treme situa tions, such as those found in abu sive fami lies (yes); 4) per cep tions of en viron ment may be an im por tant source of non shared ex pe ri ence (yes); and 5) non shared en vi ron ment may in volve chance, in the sense of idio syn cratic ex pe ri ences, in clud ing pre na tal events (yes). None of the re sponses then or since have challenged the ba sic find ing that non shared en vi ron ment is impor tant. The mes sage of the BBS pa per was up beat: there is a new way, and an em piri cal tool to study the en vi ron ment. Namely, it is to study more than one child per fam ily to find out why they are so dif fer ent. Three steps were iden ti fied for this re search pro gram: 1) docu ment dif fer en tial ex pe ri ences, which re quires the con struc tion of meas ures of the en vi ronment that are spe cific to each child in the fam ily; 2) docu ment the as so cia tion be tween such dif fer en tial ex pe ri ences and differ en tial out comes; and 3) in ves ti gate the ex tent to which asso cia tions be tween dif fer en tial ex pe ri ences and dif fer en tial out comes are causal.
The 1987 pa per also in cluded a ta ble list ing pos si ble sources of non shared en vi ron ment (see Ta ble 1). These are not limited to the psy cho so cial en vi ron ments that psy cholo gists typically mean when they use the word "en vi ron ment." Be hav ioural ge net ics de fines "ge netic" very nar rowly to mean in heri tance, which is what is typi cally meant when we say, for ex am ple, that eye col our is ge netic. In con trast, en viron ment is de fined ex tremely broadly to in clude any thing that is not ge netic in this nar row sense. For ex am ple, many DNA events (such as chro mo so mal anoma lies or so matic mu ta tions that are not trans mit ted to off spring) are not ge netic in that they are not in her ited. Thus, this broad defi ni tion of en vi ronmental as non ge netic in cludes all non in her ited in tra-and inter or gan is mic in flu ences. While we are dis cuss ing ba sic is sues, we should also re it er ate the point that ge netic re search de scribes what is rather than pre dict ing what could be. For exam ple, high heri ta bil ity for height means that height dif ferences among in di vidu als are largely due to ge netic dif fer ences, given the ge netic and en vi ron mental in flu ences that ex ist in a par ticu lar popu la tion at a par ticu lar time (what is). Even a highly heri ta ble trait like height can be af fected by an en vi ron mental in ter ven tion, such as im prov ing chil dren's diet or pre vent ing ill ness (what could be). Such en vi ronmental fac tors are thought to be re spon si ble for the av er age in crease in height across gen era tions, even though in di vid ual dif fer ences in height are highly heri ta ble in each gen era tion.
Dur ing the past dec ade, re search ers have of ten em pha sized a sin gle source of non shared en vi ron ment, such as fam ily compo si tion (7), sib ling in ter ac tions (8) , peer in flu ence (9) , and non sys tem atic fac tors (10) . How ever, the list shown in Table 1 has re mained un changed, not be cause of the re searchers' pre science, but sim ply be cause it in cludes all pos si ble types of non ge netic in flu ence.
In one sense, think ing about en vi ron mental in flu ences that create dif fer ences be tween chil dren in the same fam ily rep re sents a dra matic re con cep tu ali za tion of psy cho logi cal en vi ron ments. On the other hand, this re con cep tu ali za tion need not in volve mys te ri ous ele ments in the en vi ron ment: Any en vi ron mental fac tor can be viewed in terms of its con tri bu tion to non shared en vi ron mental vari ance. For ex am ple, pa ren tal af fec tion can be eas ily con strued as a source of dif fer ences among chil dren in the same fam ily, be cause par ents may be more af fec tion ate to ward one child than an other (5).
What was new was the fo cus on meas ures of ex pe ri ence specific to each child, in clud ing sub jec tive per cep tions of ex pe rience. As dis cussed later, the same event (for ex am ple, pa ren tal di vorce) may be ex pe ri enced dif fer ently by 2 children in the same fam ily, and we can as sess the chil dren's differ en tial ex pe ri ence of a shared event. In try ing to un der stand why sib lings are so dif fer ent, how ever, it is rea son able first to in ves ti gate ex pe ri ences that dif fer within fami lies.
In 1990, the BBS pa per spawned a non aca demic book called Sepa rate Lives: Why Sib lings Are So Dif fer ent, which re in terpreted sib ling so ciali za tion re search along the lines of nonshared en vi ron ment. It gen er ally showed that sib lings grow ing up in the same fami lies ex pe ri ence en vi ron ments that dif fer from those ex pe ri enced by their par ents and their co sib lings as much as the en vi ron ments ex pe ri enced among sib lings grow ing up in dif fer ent fami lies (11) . A more detailed re view of the meth ods and evi dence for non shared envi ron ment for the de vel op ment of psy cho pa thol ogy, per son al ity, and cog ni tive abili ties was pub lished in 1994 (12) . Sev eral non shared en vi ron ment stud ies of sib lings were launched in the late 1980s and early 1990s; the early ones (13) . A re cent metaana ly sis, dis cussed later, iden ti fied 43 pa pers that have ad dressed the sec ond stage of the non shared en vi ron mental pro gram of re search-iden ti fying as so cia tions be tween non shared ex pe ri ences and siblings' dif fer en tial out comes (10) . The larg est study is the Non shared En vi ron ment in Ado les cent De vel op ment (NEAD) proj ect which sprang di rectly from dis cus sions based on the BBS pa per. NEAD was a decade-long study that in volved a col labo ra tion be tween a psy cho dy namic fam ily psy chia trist, a child psy cholo gist spe cial is ing in fami lies, and a be hav ioural ge neti cist. The NEAD proj ect aimed to ad dress all 3 steps in the pro gram of re search listed above, fo cus ing on meas ures of the fam ily en vi ron ment and their ef fect on adoles cent psy cho pa thol ogy in a ge neti cally sen si tive de sign. Its re sults are de scribed be low.
The Reaction
De spite the revo lu tion ary im pli ca tions of re al iz ing the im portance of non shared en vi ron ment, there was un til re cently little re sponse from the de vel op men tal psy chol ogy com mu nity, per haps be cause the re sponses to the 1987 BBS pa per were so thor ough. None the less, an early-warning shot was fired in a 1991 pa per in Psy cho logi cal Bul le tin (7) . The cri tique be gan with a gen eral broad side criti ciz ing behavioural-genetic meth od ol ogy, only some of which was rele vant to the is sue of non shared en vi ron ment. The pa per ar gued that, al though some be hav iours stud ied (such as IQ) showed re sem blance for adop tive sib lings, which sug gests shared en vi ron mental in flu ence, other be hav iours (such as self-concept) which would show shared en vi ron mental in flu ence, had not yet been stud ied. Al though we agree that behavioural-genetic meth ods are only quasi-experimental de signs, the con vergence of re sults from the dif fer ent de signs of the twin study and adop tion study that point to the im por tance of non shared en vi ron ment is im pres sive (14) . As in di cated above, the easiest way to see the im por tance of non shared en vi ronment-one that side steps most of the com plexi ties-lies in ob serv ing the con sid er able dif fer ences seen within pairs of iden ti cal twins reared to gether (even though stud ies of iden tical twins proba bly un der es ti mate non shared en vi ron ment because there are spe cial twin ef fects that con trib ute to their simi lar ity). Con cern ing the hy pothe sis that IQ and selfconcept show shared en vi ron mental in flu ence, the gen eral rule that ef fec tive en vi ron ments are non shared does not depend on show ing that there are no ex cep tions to it. None theless, one of the most in ter est ing re sults in this area in volves IQ: al though younger adop tive sib lings re sem ble each other, stud ies of posta do les cent adop tive sib lings con sis tently show no re sem blance, sug gest ing that, in the long run, the en vi ronment op er ates as non shared en vi ron ment, even for IQ (15, 16) . This find ing sug gests that in child hood we will find shared en vi ron mental in flu ences that re late to cog ni tive de vel op ment but that what we need to look for in child hood are non shared en vi ron mental in flu ences that pre dict cog nitive abili ties in the long run (17) . Con cern ing the is sue of self-concept, the first behavioural-genetic study of selfconcept showed no evi dence of shared en vi ron ment (18), a find ing con firmed in sub se quent stud ies (19, 20) . If the critique had con sid ered psy cho pa thol ogy, how ever, it could have pointed to at least 1 ex cep tion to the rule that en vi ronmental in flu ences are non shared: ju ve nile de lin quency shows some shared en vi ron mental in flu ence (14, 21) , al though even this evi dence for shared en vi ron ment may be ar ti fi cial in that twins may be part ners in crime (22) .
De spite its gen eral at tack on be hav ioural ge net ics, the critique in the end agrees that en vi ron mental in flu ences for person al ity are non shared:
There is ba sic con sen sus across be hav ioural ge net ics and de velop men tal psy chol ogy that both ge net ics and en vi ron ment play a role in per son al ity de vel op ment and that en vi ron mental in fluences do not re sult in sib ling simi lar ity (7, p 190 ).
The author sug gests that de vel op men tal psy cholo gists already knew that the way in which the en vi ron ment worked was non shared:
The be hav ioural ge neti cists as sume that such vari ables, if op erat ing, would make sib lings alike in per son al ity. En vi ron men tally ori ented de vel op men tal psy cholo gists, on the other hand, hold that these in flu ences op er ate dif fer ently for dif fer ent chil dren, and thus the ab sence of sib ling simi lar ity does not mean these vari ables are not hav ing an ef fect (7, p 190) .
If de vel op men tal ists had known about the im por tance of nonshared en vi ron ment, why is it that far less than 1% of all devel op men tal stud ies of so ciali za tion stud ied more than a sin gle child per fam ily-the only way to in ves ti gate nonshared en vi ron ment?
A presi den tial ad dress for the So ci ety for Re search in Child De vel op ment (23) and a double-barrelled blast of popu lar books by David Rowe (24) and Ju dith Har ris (9) elic ited a decade-delayed re ac tion from de vel op men tal psy cholo gists (8, 25, 26) . These pub li ca tions pro voca tively spelled out the im pli ca tions of non shared en vi ron ment for theo ries of sociali za tion; they also tack led larger is sues about the na ture of nur ture. The ti tle of the Har ris book is The Nur ture As sumption, and one of the sub ti tles on the dust jacket is: "Par ents mat ter less than you think and peers mat ter more." This book at tracted much me dia at ten tion and was the sub ject of a cover story in Newsweek, en ti tled "Who needs par ents?" (27) . It also re ceived glow ing pub lic ity in a lengthy and in flu en tial re view ("Do par ents mat ter?") that was pub lished in The New Yorker (28) . (For the ex traor di nary me dia cov er age of The Nur ture As sump tion, see http://home.att.net/~xchar/tna/.) The nega tive re ac tion to these pub li ca tions is largely di rected to ward nature-and-nurture is sues other than non shared en viron ment per se. The Har ris book, for ex am ple, is criti cized for ar gu ing that peers are more im por tant than par ents (8) , an ar gu ment to which Har ris has re sponded (29) . Fu el ing this con tro versy is the mis taken in ter pre ta tion that, if par ent ing does not shape chil dren's per son al ity, par ents do not mat ter; how ever, what makes sib lings simi lar or dif fer ent is a much nar rower is sue (30) .
One is sue spe cific to non shared en vi ron ment that con tin ues to be raised is that es ti mates of non shared en vi ron ment are reduced when meas ure ment er ror is taken into ac count (26, 31) . The need to sepa rate non shared en vi ron ment from meas urement er ror was em pha sized in the 1987 BBS pa per, and the point is this: en vi ron mental vari ance (whether a pro por tion of to tal vari ance or vari ance cor rected for meas ure ment er ror) is not shared-the ef fec tive en vi ron ments are non shared. Another criti cism is that adop tive fami lies have re stricted variance and thus un der es ti mate the ef fect of shared en vi ron ment on IQ (32) . How ever, even though most fami lies stud ied by de vel op men tal ists do not fully rep re sent the popu la tion, the in ter nal logic of the adop tion method is un af fected when adop tive fami lies and com pari son nona dop tive fami lies have simi lar vari ances, as in the Colo rado Adop tion Pro ject (33) . This is also the case for com pari sons be tween iden ti cal and fra ter nal twins. Moreo ver, the hy pothe sis of re stricted variance ig nores cru cial adop tion data show ing that a cor re la tion of 0.26 was found for IQ for more than 200 pairs of adop tive sib lings at the av er age age of 8 years, but 10 years later these same sib lings showed a cor re la tion near 0.0 (34). Be cause shared en vi ron ment is found for IQ in child hood but not af ter ado les cence in the same fami lies, re stric tion of range can not be an im por tant fac tor in find ing that the long-term in flu ence of shared en vi ron ment for IQ is neg li gi ble. A more use ful sug ges tion is that more shared en vi ron ment may be found in high-risk fami lies, which im plies that non shared en vi ronment might be more likely to be found in low-risk fami lies (35, 36) . Other use ful points are that non shared en vi ron ment might in volve peri na tal fac tors, es pe cially for psy cho pa thology (37) and sib ling social-comparison pro cesses, such as sib ling ri valry and sib ling de-identification (38, 39 ). An evolu tion ary per spec tive on sib ling com pe ti tion for pa ren tal invest ment sug gests that sib ling in ter ac tions in re la tion to pa ren tal at ten tion might be a use ful place to look for nonshared en vi ron ment (40, 41) .
A more gen eral criti cism con cerns the need to as sess the en viron ment in behavioural-genetic re search:
Behaviour-genetic analy ses, how ever, can es tab lish that nonshared en vi ron ment con trib utes to in di vid ual dif fer ences in a do main but can not docu ment the con nec tions be tween ob jectively meas ured non shared en vi ron mental events and de vel opment (25, p 221) To the con trary, as dis cussed in the BBS pa per, it is a ma jor strength of quan ti ta tive ge net ics that its twin and adop tion study meth ods can de scribe the net ef fect of ge netic and en viron mental in flu ences with out at tempt ing the im pos si ble task of as sess ing spe cific genes and spe cific en vi ron ments. The next step in the en vi ron mental pro gram of re search is to identify spe cific as pects of the en vi ron ment re spon si ble for nonshared en vi ron ment, just as the next step in the ge netic pro gram of re search is to iden tify spe cific genes re spon si ble for heri ta bil ity. As dif fi cult as it is to iden tify spe cific genes op er at ing in multiple-gene sys tems (42) , it may be even more dif fi cult to iden tify spe cific en vi ron mental in flu ences respon si ble for non shared en vi ron ment. With genes, we at least know the unit of trans mis sion and how trans mis sion oc curs, but for the en vi ron ment, es pe cially non shared en vi ron ment, we know nei ther.
A con struc tive sug ges tion emerg ing from the past deca de's lit era ture is that non shared en vi ron mental ef fects can be found in chil dren's dif fer en tial re sponses to os ten si bly shared events (26) . That is, as they in ter act with chil dren s char ac teris tics, os ten si bly shared events can re sult in non shared en viron mental ef fects. This dis tinc tion can be seen most clearly for vari ables that are usu ally meas ured on a family-wide basis, such as pa ren tal ill ness, edu ca tion, pov erty, un em ployment, or neigh bour hood. De pend ing on chil dren's char ac ter is tics, such as age, sex, and per son al ity, the ef fect of such fac tors could dif fer for chil dren in the same fam ily. An ex am ple that has been used is re search show ing that the ef fect of pa ter nal un em ploy ment dur ing the Great De pres sion depended on the age and sex of the child: a shared ex pe ri ence could have non shared ef fects (43) . Al though it seems quite likely that such in ter ac tions could be a source of non shared ex pe ri ence, it should be noted that the un em ploy ment ex ample is drawn from an analy sis be tween fami lies, rather than within fami lies. To test whether the as so cia tion oc curs within fami lies, and thus ac counts for sib ling dif fer ences in de vel opmen tal out comes, it would be nec es sary to show that the effects of pa ter nal un em ploy ment on sib ling dif fer en tial out comes are mod er ated by sib ling age or sex dif fer ences. Em piri cal re search show ing the im por tance of such in ter actions in ex plain ing non shared en vi ron ment is needed. In trying to ac count for the dif fer ences among sib lings in a fam ily, how ever, it seems rea son able to be gin by look ing for main effects of ex pe ri ences that dif fer for sib lings (for ex am ple, differ en tial pa ren tal treat ment), rather than look ing for in ter ac tions us ing ex pe ri ences that do not dif fer for sib lings. Also, a bet ter strat egy might be to in ves ti gate main ef fects of sib lings' dif fer ent per cep tions of such shared ex pe ri ences.
The hy pothe sis that shared events can have non shared ef fects some times leads to the con clu sion that "there is noth ing about the find ings of these tra di tional stud ies that is in vali dated by their hav ing stud ied only one child" (26, p. 16). To the ex tent that one is in ter ested in find ing en vi ron mental in flu ences that af fect de vel op ment, this con clu sion is un war ranted, be cause we now know that the ef fec tive en vi ron ments are non shared. Tra di tional between-family as so cia tions be tween par ent ing and chil dren's out comes can only ex plain non shared en vi ronment to the ex tent that they can also be shown to op er ate within fami lies, to make sib lings dif fer ent. Other non shared en vi ron mental ex pla na tions of as so cia tions be tween par enting and child out come aris ing from between-family stud ies in clude the pos si bil ity that par ent ing is an ef fect, rather than a cause, of dif fer ences in chil dren's out comes or that the as socia tions are due to a third vari able, ge net ics, as dis cussed below. The goal of non shared en vi ron mental re search is to ex plain that sib lings grow ing up in the same fam ily are so differ ent be cause this is how the en vi ron ment works.
New Re search
A con sen sus ex ists that chil dren grow ing up in the same family ex pe ri ence dif fer ent en vi ron ments. This is the first step in the 3-step pro gram of re search on non shared en vi ron ment. Con cern ing the sec ond step-re lat ing dif fer en tial ex pe ri ence of sib lings to dif fer en tial out comes-we pre dict that all the fac tors listed in Ta ble 1 make some con tri bu tion to non shared en vi ron ment. A metaana ly sis of 43 pa pers ad dress ing this sec ond step con cluded that "meas ured non shared en vi ronmental vari ables do not ac count for a sub stan tial por tion of the non shared vari abil ity" (10, p 78) . Look ing at the same stud ies, how ever, an op ti mist could con clude that this research is off to a good start. The pro por tion of to tal vari ance ac counted for in ad just ment, per son al ity, and cog ni tive outcomes was 0.01 for fam ily con stel la tion, 0.02 for dif fer en tial pa ren tal be hav iour, 0.02 for dif fer en tial sib ling in ter ac tion, and 0.05 for dif fer en tial peer or teacher in ter ac tion. Moreover, these ef fects are largely in de pend ent, be cause ag gre gate meas ures of dif fer en tial en vi ron ment ac count for 13% of the to tal vari ance. These stud ies have not yet, how ever, taken the third step in the re search pro gram: the at tempt to dis en tan gle cause and ef fect. Ear lier, we noted that it may be more dif ficult to iden tify spe cific en vi ron mental in flu ences re spon si ble for non shared en vi ron ment than it is to iden tify spe cific genes re spon si ble for heri ta bil ity. None the less, one could ar gue that at least as much prog ress has been made in iden ti fy ing nonshared en vi ron ment as has been made in iden ti fy ing genes (14) .
April 2001
Why Are Chil dren in the Same Fam ily So Dif fer ent? 229 In this sec tion, we fo cus on the re sults of the decade-long NEAD proj ect be cause it rep re sents the lead ing edge of research on non shared en vi ron ment in at tempt ing to ad dress all 3 steps in the re search pro gram (44) . Dur ing 2 vis its of 2 hours each, made at 3-year in ter vals to 720 fami lies with 2 same-sex sib ling off spring rang ing in age from 10 to 18 years, ex ten sive ques tion naire and in ter view meas ures of the fam ily en vi ronment were ad min is tered to both par ents and off spring, and par ent-child in ter ac tions were video taped dur ing a ses sion in which prob lems in fam ily re la tion ships were dis cussed. Multi ple meas ures across mul ti ple sources of in for ma tion were com bined to cre ate highly re li able com pos ite meas ures. The first step was to iden tify dif fer en tial ex pe ri ences of sib lings. Sib ling cor re la tions for chil dren's re ports of their fam ily inter ac tions (for ex am ple, re ports of their par ents' nega tiv ity) were mod er ate, as they were for ob ser va tional rat ings of child-to-parent, and parent-to-child, in ter ac tions. Be cause these meas ures were highly re li able, this find ing sug gests that such ex pe ri ences are largely non shared. In con trast, par ent reports yielded high sib ling cor re la tions (as, for ex am ple, when par ents re ported on their own nega tiv ity to ward each of the chil dren). Al though this may be due to a ra ter ef fect in that the par ent rates both chil dren, the high sib ling cor re la tions for par ent re ports of chil dren's en vi ron ments in di cate that par ent re ports are not good can di dates for in ves ti gat ing non shared en vi ron mental fac tors.
Once child-specific non shared ex pe ri ences are iden ti fied, the sec ond step is to ask whether these non shared ex pe ri ences relate to psy cho logi cal out comes. For ex am ple, to what ex tent do dif fer ences in pa ren tal treat ment ac count for the nonshared en vi ron mental vari ance known to be im por tant for per son al ity and psy cho pa thol ogy? Al though re search in this area has only just be gun, some suc cess has been achieved in pre dict ing dif fer ences in ad just ment from dif fer ences in sibling ex pe ri ences (13) . The NEAD proj ect pro vides sev eral ex am ples us ing dif fer ent mod els and meth ods to in ves ti gate as so cia tions be tween sib lings' dif fer en tial ex pe ri ences and dif fer en tial out comes. (A use ful, sim ple, and gen eral meth odol ogy has been de scribed by Rodg ers and oth ers [45] ; see also Turk heimer and Wal dron [10] ). For in stance, nega tive pa rental be hav iour di rected spe cifi cally to one ado les cent sib ling (con trol ling for pa ren tal treat ment of the other sib ling) re lates strongly to that child's an ti so cial be hav iour and, to a lesser ex tent, to that child's de pres sion (44) . Most of these as so ciations in volve nega tive as pects of par ent ing, such as con flict, and nega tive out comes, such as an ti so cial be hav iour. As socia tions are gen er ally weaker for as pects of posi tive par enting, such as af fec tion.
At this point it would ap pear that NEAD sup plied a happy end ing for the story of non shared en vi ron ment: par ents treat chil dren dif fer ently and this dif fer en tial treat ment re lates to dif fer en tial ad just ment. The is sue sud denly be came more com plex, how ever, at the third step in this re search pro gram-ask ing whether dif fer en tial par ent ing is a cause or an ef fect of chil dren's ad just ment. Lon gi tu di nal cross-lagged analy ses were con ducted but were not very in for ma tive: the par ent ing meas ures and ad just ment meas ures were quite stable over the 3-year in ter val in which NEAD fami lies were stud ied, whereas the suc cess of cross-lagged analy ses depends on change. A unique fea ture of NEAD is that its ex tensive meas ures of fam ily en vi ron ment were em bed ded in a ge neti cally sen si tive de sign to as sess pos si ble ge netic me diation of as so cia tions be tween non shared en vi ron ment and adoles cent psy cho pa thol ogy. The 720 NEAD fami lies were se lected to in clude iden ti cal and fra ter nal twins, full sib lings, half-siblings, and ge neti cally un re lated sib lings. In these fami lies, the twins and sib lings were the ado les cent chil dren, not the par ents, so that ge netic me dia tion could be seen to the ex tent that dif fer en tial par ent ing is a re sponse to chil dren's ge neti cally driven dif fer en tial ad just ment.
NEAD used mul ti vari ate ge netic analy sis of co vari ance to address this is sue (46) . Un like tra di tional uni vari ate ge netic analy sis of the vari ance of a sin gle vari able, mul ti vari ate genetic analy sis de com poses the co vari ance be tween vari ables into ge netic and en vi ron mental sources of co vari ance (47) . The ba sic idea is that in stead of com par ing iden ti cal and frater nal twin cor re la tions for a sin gle vari able in or der to decom pose the vari ance of that vari able, mul ti vari ate ge netic analy sis com pares iden ti cal and fra ter nal twin crosscorrelations-that is, the cor re la tion be tween vari able X for one twin and vari able Y for the other twin-in or der to decom pose the co vari ance be tween X and Y. Ge netic me dia tion of the co vari ance is im plied if the iden ti cal twin crosscorrelation ex ceeds the fra ter nal twin cross-correlation (see 14, for de tails). In ad di tion to fami lies with iden ti cal and frater nal twins, NEAD ap plied mul ti vari ate ge netic analy sis to the co vari ance be tween fam ily en vi ron ment and ado les cent out come for fami lies with full sib lings, half sib lings and un related sib lings. This ap proach es ti mates ge netic me dia tion of the co vari ance be tween fam ily en vi ron ment and ado les cent out come, and, just as im por tantly, it es ti mates shared and non shared en vi ron mental con tri bu tions to the co vari ance, inde pend ent of ge netic ef fects. Moreo ver, if the stan dard assump tion is made that er ror of meas ure ment does not cor re late across meas ures, the non shared en vi ron mental contri bu tion to the co vari ance is free of meas ure ment er ror.
Mul ti vari ate ge netic analy sis of the as so cia tions be tween paren tal nega tiv ity and ado les cent ad just ment yielded an un expected find ing: most of these as so cia tions were me di ated by ge netic fac tors. Hardly any non shared en vi ron mental me di ating ef fects re mained in de pend ent of ge netic me dia tion. The find ing that non shared en vi ron ment fails to me di ate these asso cia tions is sup ported by sim pler analy ses that found lit tle as so cia tion be tween iden ti cal twin dif fer ences in fam ily en viron ment and iden ti cal twin dif fer ences in ado les cent outcomes-an ana lytic ap proach that di rectly as sesses non shared en vi ron mental me dia tion of the as so cia tion (48) . The find ing of ge netic me dia tion im plies that, to a sub stan tial ex tent, dif fer en tial pa ren tal treat ment of sib lings re flects geneti cally in flu enced dif fer ences be tween the sib lings. As implau si ble as this find ing might seem on first en coun ter, it is part of the sec ond great dis cov ery of ge netic re search at the in ter face be tween na ture and nur ture-ge net ics con trib utes sub stan tially to ex pe ri ence (49) . The NEAD quest for nonshared en vi ron ment led to geno type-envi ron ment cor re lation; that is, chil dren se lect, mod ify, con struct, and re con struct their ex pe ri ences in part on the ba sis of their genetic pro pen si ties. Many of the re cent re ac tions men tioned ear lier (8, 25, 26) fo cus on this larger is sue of geno type-environ ment in ter play, rather than on non shared en vi ron ment per se. The NEAD book (44) is called The Re la tion ship Code because geno type-en vi ron ment cor re la tion re stores to the family some of the in flu ence lost to non shared en vi ron ment fac tors, in the sense that ge netic pro pen si ties are ex pressed in the fam ily en vi ron ment. Geno type-envi ron ment cor re la tion is nei ther a solely ge netic nor a solely en vi ron ment is sue-it is both. This, how ever, is an other story for an other time.
The Fu ture
The rele vance of the NEAD re sults in re la tion to the story of non shared en vi ron ment is that we must be gin again to identify non shared en vi ron ment. The tra di tional meas ures of family en vi ron ment used in NEAD did not re sult in the iden ti fi ca tion of non shared en vi ron mental links with dif feren tial sib ling out comes. Per haps other meas ures of the fam ily en vi ron ment will be more suc cess ful. Per haps some sources of non shared en vi ron ment can still be found in NEAD, in age and sex in ter ac tions with shared en vi ron mental fac tors, as sug gested by re cent pa pers.
In ret ro spect, how ever, as Har ris (9) has tren chantly pointed out, it seems odd to have looked for dif fer en tial ex pe ri ences of sib lings solely in the fam ily be cause sib lings live in the same fam ily. In de fense of NEAD, in ves ti gat ing the fam ily en vi ron ment as a first step in the quest for non shared en vi ronment al lowed NEAD to capi tal ize on the huge re search ef fort that has gone into as sess ing fam ily en vi ron ment. In deed, it turns out that sib lings ex pe ri ence very dif fer ent fam ily en viron ments and that these dif fer en tial ex pe ri ences are strongly as so ci ated with dif fer en tial out comes. The prob lem is that genetic me dia tion largely ac counts for these as so cia tions.
As sug gested by the re sults of the metaana ly sis men tioned ear lier (10), ex tra fa mil ial fac tors seem to be good can di dates for non shared en vi ron ments-can di dates that have not been stud ied nearly as much as has fam ily en vi ron ment. Har ris antici pates that re search will con firm the im pact of peers: although ge netic in flu ence is in volved in choos ing and be ing cho sen by friends and peers (50) (51) (52) (53) , a re cent re port in volving both NEAD and an adop tion study found that peer groups largely in volve non shared en vi ron ment in de pend ent of ge net ics, as pre dicted by Har ris (54) . None the less, non shared en vi ron ment ap pears to be pres ent early in life, long be fore chil dren ex pe ri ence peer in flu ence, which im plies that nonshared en vi ron mental fac tors may dif fer from age to age-a topic to which we shall re turn.
No mat ter how dif fi cult it may be to find spe cific non shared en vi ron mental fac tors, it should be em pha sized that the ef fective en vi ron ment op er ates in terms of non shared ex pe ri ence. More re search is needed to un der stand these mecha nisms. The price of ad mis sion to re search on non shared en vi ron ment is to study more than a sin gle child per fam ily. This is not diffi cult be cause more than 80% of fami lies have more than a sin gle child: sib lings add syn er gis ti cally to any re search design. You can study what ever you were go ing to study in the tra di tional between-family way and then look at the data from a within-family per spec tive, which can in turn clar ify the inter pre ta tion of any between-family find ings (55) . Any study of sib lings can be used to in ves ti gate the first 2 steps in the research pro gram men tioned ear lier: docu ment ing dif fer en tial ex pe ri ences and docu ment ing the as so cia tion be tween dif feren tial ex pe ri ences and dif fer en tial out comes. Lon gi tu di nal stud ies can be gin to ad dress the third step: in ter pret ing the direc tion of ef fects for the as so cia tion-be tween, for ex am ple, par ent ing (X) and child out comes (Y). Does X cause Y, or does Y cause X, or is a third fac tor re spon si ble for the as so ciation be tween X and Y? Behavioural-genetic stud ies of twins or adop tees are use ful to in ves ti gate ge net ics as a pos si ble third fac tor me di at ing such as so cia tions.
We also need to con sider the gloomy pros pect that chance con trib utes to non shared en vi ron ment in terms of ran dom noise, idio syn cratic ex pe ri ences, or the sub tle in ter play of a con cate na tion of events (5, 10, 11, (56) (57) (58) . Fran cis Gal ton, the founder of be hav ioural ge net ics, sug gested that non shared en vi ron ment is largely due to chance, when he com mented that "the whim si cal ef fects of chance in pro duc ing sta ble results are com mon enough." Sound ing a bit like a for tune cookie, he also ob served that "tan gled strings vari ously twitched, soon get them selves into tight knots" (59, p 195) .
Two over looked find ings from behavioural-genetic re search also point to the im por tance of chance. The first is mul ti variate ge netic re search show ing that non shared en vi ron mental in flu ences on one trait, such as de pres sion, are in de pend ent of non shared en vi ron mental in flu ences on other traits, such as an ti so cial be hav iour (44, 60, 61) . The sec ond find ing in volves the ap pli ca tion of mul ti vari ate ge netic analy sis to lon gi tu dinal data. This as sesses the ge netic and en vi ron mental ori gins of age-to-age change and con ti nu ity (62) . Lon gi tu di nal genetic analy ses in di cate that non shared en vi ron mental in fluences are age-specific for psy cho pa thol ogy (63, 64) , per son al ity (65) (66) (67) , and cog ni tive abili ties (68) . In NEAD, al though most non shared en vi ron ment was un sta ble, some sta bil ity was found for de pres sion and an ti so cial be hav iour over a 3-year in ter val in ado les cence (44, 69) . That is, non shared en vi ron mental in flu ences at one age are largely dif fer ent from non shared en vi ron mental in flu ences at another age.
What en vi ron mental pro cesses other than chance could explain these 2 find ings? Our view, none the less, is that chance is the null hy pothe sis, al though meas ures of life events can assess some of its as pects (70) . Sys tem atic sources of non shared en vi ron ment need to be thor oughly ex am ined be fore we dismiss it as chance. Chance might only be a la bel for our cur rent in abil ity to iden tify the pro cesses by which chil dren-even pairs of iden ti cal twins-grow ing up in the same fam ily come to be so dif fer ent. For ex am ple, to some ex tent chil dren might make their own luck.
A larger im pli ca tion of non shared en vi ron ment is that it provides an ex cel lent in di ca tion that some of the most im por tant ques tions for ge netic re search in volve the en vi ron ment, and some of the most im por tant ques tions for en vi ron mental research in volve ge net ics (71) . Ge netic re search will profit if it in cludes so phis ti cated meas ures of the en vi ron ment, en vi ronmental re search will bene fit from the use of ge netic de signs, and un der stand ing of de vel op ment will be ad vanced by collabo ra tion be tween ge neti cists and en vi ron men tal ists. In these ways, be hav ioural sci en tists are put ting the na ture-nurture con tro versy be hind them and bring ing na ture and nur ture to gether in the study of de vel op ment to un der stand the processes by which geno types be come phe no types.
